The distribution of DNA of BK and JC human polyomaviruses (BKV and JCV) was investigated in samples from autopsies of different organs in 2 groups of patients: Human Immunodeficiency Virus -1 (HIV) positive and negative. Samples from various organs were analysed by a nested polymerase chain reaction (PCR) for the non-coding control and for the VP1 regions of both viruses. The results obtained showed that BKV DNA was present in both males and females with a higher prevalence in HIV-positive subject samples (spleen: 33 %; kidney: 44 %; brain: 22 %, uterine cervix: 100 %; prostatic urethra: 50 %) • In prostatic urethra samples of HIV-positive subjects, the JCV DNA was revealed in a low percentage (33%), while it was not found at all in uterine cervix samples of both groups.
Infection with polyomaviruses lC (lCV) and BK (BKV) is endemic in the human population. Both viruses are usually acquired early in life and seroconversion increases from 70% in young adults to almost 90% in the elderly (1, 2) . Asymptomatic primary infection in healthy subjects is followed by lifelong viral persistence that can be reactivated repeatedly to a non-apparent clinical infection. Indication of respiratory symptoms during primary childhood infections by BKV has been reported (3), while reactivated infections have been linked to cases of haemorrhagic cystitis and ureteric stenosis (4) . Latent infection by BKV can be reactivated during immunosuppressive disease or treatment, but the mechanism for reactivation is virtually unknown. BKV has the potential to transform the cell cultures from various species, including human, resulting in the induction of tumours in laboratory animals (5) . Moreover, BKV nucleic acids and polypeptides have also been detected in human tumours and cell lines that are derived from tumour tissues (6) .
lCV is the etiological agent of the progressive multifocal leukoencephalopathy (PML), a fatal demyelinating disease, occurring as a late complication of persistent or primary infection with lCV in the course of a basic immunosuppressive disease (7) . In addition to having a role in the development of PML, recent evidence suggests the association of lCV with human cancer, most notably brain tumours (8) . Other studies have also provided results suggesting a relatively high prevalence of lCV viruria in immunocompetent people (2, 9) . Again, the mechanism behind the reactivation is virtually unknown.
Concomitant infection of both polyomaviruses is proven by the detection of viral DNA in urine or increased antibody titers (I). Demonstration of the viruses in kidney and brain t;usue of nonimmunodeficient patients confirms that the simultaneous persistence of lC and BK viruses occurs frequently in human (10) (11) .
The presence of both viruses has been shown in urine and lymphocytes of Human Immunodeficiency Virus-l (HIV)-positive patients and it has been noticed that the detection ofBKV and lCV was significantly higher in homosexual and bisexual individuals (12) . These findings and the demonstration of the presence ofBKV DNA in genital fluids (13)are in agreement with the possible sexual transmission of these viruses. This study was carried out with the tissue samples of organs collected from post-mortem patients who died from AIDS or other diseases, where the latter were used as controls. The specimens from each of these subjects were analysed by a nested polymerase chain reaction (PCR) for the non-coding control region (NCCR) and for the viral protein-l (VPl) region of both viruses.
In our study we looked for both BKV and lCV in the anatomical sites studied by taking into account the importance of the presence of genomic DNA of these viruses in organs such as the urethra and cervix forthe hypothesis of a sexual transmission of human polyomaviruses.
MATERIALS AND METHODS

Sample collection
Organ specimens were coIlected from autopsies of 24 patients, 9 who died of AIDS (6 male, 3 female) and 15 who died from other diseases (I I male, 4 female ). AIDS patients were aged between 36 and 51 years (mean age: 43), whereas patients who died from other causes were aged between 34 and 75 years (mean age: 61 ).
The 9 patients with AIDS also had pulmonary infection such as pneumocystis pneumonia (two cases), toxoplasmic encephalitis with chorioretinitis (two cases), myocardial infarction with pulmonary oedema (two cases), pancreatitis (one case) and cerebral abscess (two cases).
The other group included myocardial infarction (five cases), malignant systemic tumours such as carcinoma of lung and breast (five cases), large ceIl imrnunoblastic lymphoma (two cases) and pneumococcal meningitis (three cases). The members of this group were used as controls.
Samples from brain, spleen, kidney, prostatic urethra and uterine cervix were removed from patients in each group. Each tissue specimen was divided into two parts. One of these was fixed in 10% buffered formalin for 48 h and embedded in paraffin. The other part of the specimens were frozen at -80 0 C and used for PCR analysis.
Sections for histopathological examination were cut to 3 J-Lm in thickness and stained with haematoxylin and eosin. All study procedures were developed and carried out in accordance with current standards for ethical scientific research of our institution.
DNA preparation
Samples taken during autopsy from patients with clinical and pathological evidence of HIV infection and from HIV -negati ve patients (brain, spleen, kidney, prostatic urethra and uterine cervix) were incubated in lysis buffer (0.5 M TRIS, 0.02 M EDTA, 0.0 1M NaCI, 1% SDS), with 200 mg/ml proteinase Kat 55°C for 24 h. Digestion was foIlowed by phenol-chloroform extraction and ethanol precipitation. One J-Lg of total DNA was used for each PCR.
PCR conditions
Beta-globin PCR was performed on extracted DNA to assess the efficacy of nucleic acid extraction (14) . General precautions, conditions for PCR analysis and nested PCR procedures were as published (15, 16 ). 13globin positive samples were amplified in a GeneAmp PCR System 9600 (Perkin-Elmer Cetus, EmeryviIle, CA), and all assays included positive (purified viral DNA) and negative (all the PCR components except the template) controls to exclude false-positive and false-negative results (17) . The PCR products were analysed on 3% agarose gel by ethidium bromide staining.
PCRfor the non-coding control region (NCCR) of SKV and ICV genome
Nested PCR employed two pairs of primers that anneal to the invariant regions flanking the NCCR of BKVandICV (15, 16) .PrimersBKTTI (+)andBKTT2 (-) were amplified the product of748 bp DNA fragment for BKV and a 724 bp DNA fragment for ICV (10) . The secondpair,BKI (+)andBK2(-)forBKV,andICI (-) and IC2 (+) for ICV amplified a portion of the first round PCR product, generating a fragment of 354 bp and 308 bp, respectively, for BKV and ICV (9) . Two ng of recombinant pGEM-l plasmid DNA containing the complete ICV or BKV genome, cloned as EcoR I fragments were used as positive controls.
PCRJor the viral protein-I (VP 1) region oj BKV and lCV
PCR primers were chosen to anneal to the region flanking the VPl subtype-specific region of BK virus (18) .
Primers VPl-7 (+), 5' ATCAAAGAACTGCTCCTCAAT-3' (nucleotides 1480-1500) and VPl-2R (-), 5'GCACTCCC TGCATTTCCAAGGG-3' (nucleotides 2038-2059) (19) were expected to generate a 580 bp fragment for BKV after 35 amplification cycles in the first round PCR. Samples were subjected to 2 min of denaturation at 94°C
, followed by 35 rounds of an amplification cycle consisting of 1 min at 91°C, 1 min at 55°C and I min at 72°C, fol1owed by one extension cycle consisting of 4 min at 74°C (15) .
The second pair of primers [327-1 (+) and 327-2 (-)] was designed to amplify a portion of the first round PCR product. The samples were submitted to 35 amplification cycles and the expected BKV product was 327 bp in length (18) . For positive control, genomic DNA of BKV was used: prepared by BKV grown in Vero cells and the tissue culture fluid that was frozen at -20°C when the cytophatic effect was evident. An aliquot (200 u.l) was used for DNA extraction by DNeasy Tissue Kit according to QIAGEN-protocol.
The nested ICV VP 1 region amplification was performed using a first pair of primers chosen in order to anneal to the VPl region and generating a 766 bp fragment (JC+: 5' CAATCTCAAGTCATGAACAC 3'; and IC-: 5' AAGCAGAAGACTCTGGACAT 3').
Samples were subjected to 2 min of denaturation at 94°C, followed by 35 rounds of an amplification cycle consisting of 1 min at 92°C, I min at 52°C and I min at 72°C followed by an extension cycle of 4 min at 72°C.
The second pair of primers VP3 (+) and VP4 (-) generated a 393 bp DNA fragment [20] . As positive control we used ICV DNA, obtained from a fresh urine positive sample of a patient affected by progressive multifocal leukoencephalopathy (PML).
Nested PCR sensitivities They were estimated by amplification of serial dilutions of virus-infected tissue culture fluids (15) . Both NCCR and VPl PCR assays reached the same dilution points.
Sequencing ofthe control region oj BKV and lCV PCR products corresponding to BKV-NCCR and ICV-NCCR were purified and sequenced (16) . Briefly, amplified products were purified prior to sequencing to remove the excess of primers with QIAquick PCR purification kit, according to QIAGEN protocol. DNA sequencing was performed by automatic DNA sequencer (Applied Biosystem, mod. 370 A), according to Manufacturer's specifications (Amplicycle Kit, Applied Biosystem). Sequences were organised and analysed using the Genetic Computer Group sequence analysis software package.
Restriction Fragment Length Polymorphism (RFLP) assay
In order to subtype BKV, the PCR products were subjected to RFLP assay (16) (17) (18) . Ten u.l of PCR product was digested with 1-2 U of appropriate endonucleases in a total of 20 fLl of the supplied buffer at 37°C for 2 h. A two-step approach was performed: first, digestion with Alu I enabled to distinguish subtypes I and II ofBKV from subtypes III and IV and subsequently, the digestion patterns produced by Xmn I and Ava II, respectively, were used to distinguish strains of subtype I from II and subtype III from IV. The digested samples were run on an ethidium bromide-stained 3% agarose gel.
Data analysis
Statistical analysis was performed utilizing Chi-Squares test. P values ofless than 0.05 were considered statistically significant.
RESULTS
In all, 96 samples were taken from the 24 post-mortem patients.
Regarding the histopathological examination, the same was in accordance with the gross inspection and no typical BKV and JCV lesions were seen in the various organ specimens. Biopsies from each of these subjects were analysed by means of a nested PCR analysis for the NCCR of BK and JC human polyomaviruses. Table I reports sequences of BKV DNA were found in 22% of brain tissue samples, in 33% of spleen and in 44% of kidney samples, but the highest prevalence of BKV presence was observed in uterine cervix and prostatic urethra samples. In fact, in samples from female patients the percentage of presence of BKV DNA was 100%, while in male patients was 50%.
The same samples were tested for the presence of ICV DNA, which was detected in 55% of brain tissue samples, in 11% of spleen and in 22% of kidney samples. ICV genomic DNA was not found in uterine cervix samples while it was identified in 33% of prostatic urethra samples.
As for the prevalence of BKV and ICV in samples from autopsies in the control group, sequences of BKV DNA were found in 26% of brain tissue samples, in 33% of spleen and in 20% of kidney samples. The highest prevalence of BKV sequences was once again observed in the uterine cervix and prostatic urethra samples (50% and 36% , respectively).
The specific PCR for the lCV DNA demonstrated that sequences of this virus were present in 20% of brain tissue samples, in 13% of spleen and in 13% of kidney samples.
The genomic DNA of ICV was not detected in uterine cervix samples of the female control group, while in the prostatic urethra samples, ICV sequences were identified in 18% ofthe cases. All these data are summarized in Fig .l . The analysis of these results on the basis of the risk groups showed a significant increase in human polyomaviruses positive samples in the immunocompromised subjects when compared to the control group (p= 0.019).
To verify the specificity of the amplified products and to detect possible occurrence of genomic variants, BKV-NCCR and ICV-NCCR PCR products in samples from autopsies were sequenced. BKV-NCCR sequences of all samples showed an identical structural organisation. When compared with the nucleotide sequences available in the GenBank, the highest homology was found with the DDP strain (accession number U91605) (16) . This strain showed maximum homology with the WW archetypal strain, since P, Q and S boxes were perfectly conserved, whereas the R box was deleted (16, 21, 23) . Five or six point mutations were found in the different sequenced samples but they did not involve known binding sites for transcriptional factors (data not shown). In order to subtypeBKV, amplified products from all BKV-VPI-positive tissues were subjected to RFLP assay: only subtype I was found in all the samples tested (Fig. 2) .
In the case of lCV, NCCR sequence of archetypal strain is defined by six blocks of sequences named box A to F (24) . lCV-NCCR sequences of all analysed samples showed a structural organisation with rearrangements (deletions and duplications) probably generated in the host from a basic archetypal sequence but not characteristic of a specific tissue tropism. The sites of strand breakage, however, did not appear to be completely at random. The lCV NCCR rearrangements found in two different organs (kidney and brain) of HIV-positive and negative subjects are schematically presented in Fig.3 .
DISCUSSION
Over the last years, numerous data were collected about the prevalence of viruria and the detection of BK and lC viruses in PBMC of immunocompromised (25) (26) (27) subjects using different PCR assays (28 -31 ) . The organs selected for this study included the brain for its wellknown etiological role of human polyomaviruses in neurological disorders, the spleen as an organ rich in elements of the reticuloendothelial system and the kidney as the typical target organ for latency. In addition, samples from the uterine cervix and prostatic urethra were examined, taking into account the hypothesis of a possible sexual transmission of the viruses.
The investigation was carried out in order to detect the presence ofBKV and lCV sequences in different organs of two groups of patients. The first of these groups included 9 patients dead due to AIDS, i.e. in a sure condition of immunodeficiency, while the remaining 15 cases, considered as controls, died with other diseases.
The results showed that in the anatomical sites studied, both BKV and lCV could be detected. This finding confirmed the spread of both viruses and the capacity of these to persist inside various organs also in the absence ofinfective virus particles.
BKV DNA was found in both males and females, with a higher prevalence in the HIVpositive subjects. In prostatic urethra samples of HIV-positive subjects, the presence of JCV DNA was found in a low percentage. Moreover, the JCV DNA was never found in uterine cervix samples of both HIV-positive and HIV-negati ve subjects used in this study.
The varying percentage of BKV and JCV sequences found in the different organs seems to reflect the different pathogenetic attitude of these viruses. As a matter of fact, JCV was mainly present in the brain, confirming its typical neurotropism and its etiological role in neurological disorders found in immunodeficient patients, whereas BKV was mainly present in kidney and genital organs.
The presence of BKV DNA in organs such as the prostatic urethra and uterine cervix appears to be in favour of the hypothesis of a possible sexual transmission of this human polyomavirus. This possibility has already been foreseen on the basis of two findings: that the presence of BK and JC viruses in the urine and lymphocytes of HIVpositive patients was significantly related to a homosexual -or bisexual behaviour (12) and that the same viruses could be demonstrated in genital fluids (13) .
Nested PCR for NCCR was carried out to detect the possible occurrence of genomic variants; in the case of BKV, an identical structural organisation in all the analysed samples was found with the highest homology with the DDP strain. In the case of JCV, however, the same technique showed a structural organisation with various rearrangements (deletions and duplications), but the correlation between a characteristic structural organization and its specific tissue tropism is not yet well defined.
Although ourdatado not establish a statistically significant correlation of each human polyomavirus with a specific organ, they nevertheless suggest that the deficiency of the immune system plays an important role in the spread and persistence of these viruses in the different organs (according to their specific tissue tropism) rather than in the selection of more virulent variants.
